neurosurgical focus
including an increased risk of retrograde ejaculation after anterior lumbar interbody fusion, 2, 6, 23 osteolysis and subsidence, 17, 19, 20, 25, 26 ectopic bone formation and an increased risk of radiculitis, 14, 16, 28 infection, 27 a higher reoperation rate, 28 and potential risk of developing cancer. 12 Three population-based studies provided contrary data. 4, 8, 27 Both Williams et al. 27 and Cahill et al. 4 reported no significant difference in the overall complication rates associated with the use of BMP in posterior cervical, thoracic, or lumbar procedures. However, these authors did report an increased complication rate with the use of BMP in anterior cervical surgery. Deyo et al. 8 found that in an older population the use of BMP resulted in fewer discharges to nursing homes and no differences in the rate of major complications, reoperations, or mortality.
The purpose of the present study was to compare the incidence of postoperative adverse events and reoperation rates associated with lumbar spinal fusions performed using BMP to those associated with the same procedure performed without BMP.
methods institutional database
We retrospectively analyzed the PearlDiver Technologies, Inc., database, which contains Medicare Standard Analytical Files, the Medicare Carrier Files, the PearlDiver Private Payer Database (UnitedHealthcare), and select state all-payer data sets, from 2005 to 2010. The ICD-9-CM procedural codes that identified patients who underwent a lumbar spinal fusion are listed in Table 1 . The ICD-9-CM Code 84.52 was used to identify patients who underwent spinal fusion in which BMP was used. The absence of this code defined the control group. Important covariates reported in the PearlDiver database were sex and age. Age was grouped as younger than 65 or 65 years or older. Each patient was enrolled once. The University of Wisconsin Institutional Review Board provided exemption for this project.
complications
ICD-9-CM diagnosis codes identified complications that occurred during the initial hospital stay. Complications were categorized into 1 of 10 groups: respiratory; peripheral vascular; CNS; hematoma; accidental cut, puncture, or hemorrhage during the procedure; complications of the operative wound, including infection; other; CSF leak; deep vein thrombosis; and mechanical complication of an implant or graft (Appendix 1). In addition, we determined the average Charlson Comorbidity Index (CCI) for patients without complications and for patients with 1 or more complications.
reoperation rate
ICD-9-CM procedural codes were used to identify reoperations within 90 days of the index procedure. A list of ICD-9-CM codes commonly associated with reoperations was developed from a database search at the University of Wisconsin (Appendix 2).
statistical Analysis
The relative risks (RR) and 95% confidence intervals of BMP use compared with no BMP use (control) were calculated for the association of any complication with BMP usage compared with the control. An unpaired t-test calculation was used to compare the average CCI between patients who underwent spinal fusion with BMP and those who underwent the surgery without BMP. Statistical significance was defined as a Type I error (a) of less than 0.05.
results patient cohorts
Between 2005 and 2010, 460,773 patients who underwent a lumbar spinal fusion were identified ( Table 2) . BMP was used in 30.7% of the patients. Females composed 62.3% of the BMP group and 60.5% of the control group. The use of BMP was significantly higher in female patients than in male patients (31.3% vs 29.8%, respectively; p < 0.001). There was no difference in the utilization of BMP between the < 65-and ≥ 65-year age groups (30.6% vs 30.7%, respectively; p = 0.42).
overall complication rate
The overall complication rate in the BMP group was 18.2% compared with 18.7% in the control group (Table 3) . The RR of BMP use compared with no BMP use was 0.976 (CI 0.963-0.989), which indicates a significantly lower overall complication rate in the BMP group (p < 0.001).
effect of Age
In both treatment groups, patients older than 65 years had a significantly higher rate of postoperative complications than the younger patients (p < 0.001) ( Table 3 ). In patients younger than 65 years, the RR of developing a complication with the use of BMP was 1.042 (CI 1.017-1.067), whereas in the patients ≥ 65 years old, the opposite was true (RR 0.950 [CI 0.935-0.065]).
effect of sex
For both males and females, the complication rates were lower in the BMP group than in the control group (Table 3) . The RRs of BMP use compared with no BMP use were 0.974 (CI 0.953-0.995) in males and 0.976 (CI 0.960-0.993) in females. The RR was significantly lower in the BMP group for females but not for males (p < 0.001).
charlson comorbidity index
Patients with 1 or more complications had a higher CCI than patients in all subgroups who had no complications (Table 4 ). In addition, patients who underwent spinal fusion without BMP had a higher CCI than the patients in all subgroups who received BMP, except for female patients without a complication.
reoperations rates
The overall 90-day reoperation rates were 1.84% in the control group and 2.03% in the BMP group ( Table 5 ). The RR of reoperation was 1.108 (CI 1.060-1.158), which was significant and indicates a lower rate in the control group. In both the control and BMP groups, patients younger than 65 years were more likely to have a reoperation than patients older than 65 years (p < 0.001).
complication types
The most common complications in both groups were mechanical complications with the implant or graft, hematoma, and wound infection. BMP was associated with a significantly decreased risk of the following complication types: peripheral vascular; CNS; hematoma; accidental cut, puncture, or hemorrhage during the procedure; complications of the operative wound, including infection; CSF leak; deep vein thrombosis; and cardiac. However, BMP was associated with a significantly higher risk of a mechanical complication of the implant or graft and "other" complications, which include unspecified complications and abnormal reactions in the patient. The RRs of developing a specific complication with BMP compared with no BMP are summarized in Table 6 and Fig. 1 
discussion
The clinical use of BMP has increased significantly over the last decade, and BMP is currently used in up to 30% of lumbar spinal fusion procedures. 4 The safety profile of this biological agent has been questioned, and a study by Carragee et al. 5 aptly heightened our interest in examining the complication rate associated with the use of BMP. Until recently, most of the literature was based on nonrandomized controlled trials and small retrospective case series; therefore, the data have been limited.
In this study, we used several databases, including all Medicare and some private-payer data that identified patients who underwent lumbar spinal fusion with and those had the surgery without BMP. The use of BMP was 30.7%, which is consistent with other studies. 4, 8, 27 Our results show that the overall complication rates in the BMP and control groups (18.2% vs 18.7%) were clinically similar. These results are similar to those of Cahill et al. 4 and Deyo et al., 8 who used a similar methodology to compare adverse events, and to those of Williams et al., 27 who used the Scoliosis Research Society database of self-reported complications. Our absolute rate of adverse events was 2-3 times greater than those in these other reports. We believe that we used a much wider range of ICD-9-CM codes to identify both medical and surgical complications.
In both treatment groups, patients 65 years of age and older had a higher incidence of developing a postoperative complication than patients younger than 65 years. This finding is consistent with recently published data that showed age to be an independent risk factor for developing postoperative complications. 21 The use of BMP was associated with an overall lower RR of developing most postoperative complications (Fig. 1) , including wound infection and hematoma. The risk of developing a mechanical complication of the implant or graft was slightly higher in the BMP group (6.62% vs 5.00%, respectively; p < 0.001).
We cannot determine the exact cause of this specific complication. We acknowledge that the statistical significance of this is likely a result of the very large number of patients and that, clinically, BMP does not provide a "protective" effect on developing postoperative complications. Nevertheless, the results of this large population-based analysis support the claim that BMP does not significantly increase the overall risk of postoperative adverse events. The overall reoperation rate was lower in the control group than in the BMP group (1.8% vs 2.0%, respectively). We do not have a scientific explanation for this based on our data, but it may be a result of the fact that BMP is often used in more revision and complicated surgical procedures, but this is purely speculative. In the control and BMP groups, patients younger than 65 years were more likely to have a reoperation than patients older than 65 years (p < 0.001). The average length of stay after a lumbar spinal fusion with or without BMP was 5 days, and there was no difference in length of stay between the BMP and control groups.
In their study, Cahill et al. 4 used the Nationwide Inpatient Sample database from 2002 to 2006 to identify complications related to spinal fusion surgeries performed with and those performed without BMP. In reviewing data of 328,468 patients who underwent spinal fusion procedures, they found that BMP was used in 25% of all the fusion procedures, which is comparable to the findings of the present study (30.7%). In regard to lumbar spinal fusion, they found no difference in the postoperative complication rates between the BMP and non-BMP groups (6.97% vs 7.18%, respectively; OR 0.96 [CI 0.89-1.05]). Another study, by Williams et al., 7 included 55,862 cases of spinal fusion performed with and those performed without BMP from the Scoliosis Research Society morbidity and mortality database; the authors found no difference in the overall complication rates between the 2 groups (8.4% vs 8.5%; p = 0.5). Deyo et al. 8 more recently reported complications in Medicare patients who underwent spinal fusion between 2003 and 2004. They found no statistical differences in the complication or reoperation rates between the BMP and control groups but discovered that fewer patients in whom BMP was used were discharged to nursing homes. This outcome may have pettily offset increased hospital charges associated with BMP. The results of these 3 studies are comparable to those of our study, which show little difference between treatment groups; however, these other studies all reported much lower overall complication rates.
We believe that our methodology was more comprehensive than those of the aforementioned studies. Their absolute complication rates were determined arbitrarily by the outcome variables or list of ICD-9-CM codes used in the analyses. Our study included a greater number of ICD-9-CM diagnosis codes than the Cahill et al. 4 study (57 vs 42 codes, respectively). Furthermore, the codes for mechanical complications of implant or graft, which comprised 6.6% of the BMP group and 5.0% of the control group, were not included in the Cahill et al. 4 study. Previous studies reported on early clinical use of BMP close to the FDA approval date in 2002, which initially included mainly on-label applications. We expect the more contemporary complication rates to be increased because of expanded applications to complex and off-label procedures. This reasoning may explain the increased absolute complication rate observed in our study. However, the RRs of complications after both spinal fusion with BMP and spinal fusion without BMP are similar to those in previous studies and support the robust nature of our analysis.
There are several limitations to this study. This was a retrospective review of an administrative database and was subject to the inherent weaknesses of this methodology. 18 There is no method for determining the completeness of data submission and/or accuracy of reporting, although the use of ICD-9-CM codes theoretically limits the magnitude of this limitation. The results presented here are the minimum rates, and they likely underestimate the true incidences of both complications and reoperations.
There was no documentation of the amount of BMP used in each case, so we cannot comment on whether there is a dose-response relationship associated with complications after the use of BMP in spinal fusion surgery. It is impossible to determine if the reported complications (according to the ICD-9-CM codes) were directly related to the use of BMP or to the complexity of the procedure, patient comorbidities, or other factors. These data do not and cannot address the specific complications associated with BMP recently reported in the literature, such as retrograde ejaculation, heterotopic bone formation, and postoperative radiculitis. Finally, restrictions in the database do not permit multivariate analysis of comorbidity. To control for this limit, we stratified the results according to complication occurrence, sex, and age group and then compared patients who received BMP with patients who did not receive BMP. As expected, the patients in all subgroups who had 1 or more complications had a higher CCI. Patients who underwent spinal fusion without BMP had a higher CCI than patients who received BMP in all subgroups except for females without complications. The statistical significance is likely a result of the large sample size. The clinical significance is minimal, because the CCIs between the groups were generally similar across the sex and age groups.
Despite the disquieting review by Carragee et al., 5 who reported an increase in the risk of developing postoperative infections with the use of BMP in spinal surgery, the present study and the other reports cited above show that the overall complication rates are similar. From our results we conclude that BMP use does not increase the overall risk of having a postoperative complication after lumbar spinal fusion; however, the use of BMP is associated with a higher risk of reoperation. Surgeons should continue to monitor the use of BMP responsibly; large-scale prospective randomized trials are needed to evaluate the safety profile of this substance.
